INTRODUCTION
M edication use among older persons presents a double-edged sword. Pharmacotherapy is an important component in the management of chronic disease, and it can reduce morbidity and mortality. [1] [2] [3] At the same time, adverse drug events are common in this population, resulting in functional impairment and increasing morbidity, mortality, and health care costs. [4] [5] [6] [7] Reported rates of adverse drug events in older populations range from 10% to 30% for ambulatory and inpatients alike. [8] [9] [10] [11] [12] Inappropriate prescribing, as indicated by explicit criterion-based or implicit judgment-based measures, increases the occurrence of adverse drug events. 9, 10, [13] [14] [15] Therefore, the identification of inappropriate prescribing is important, as it can allow avoidance of preventable adverse drug events and optimization of pharmacotherapy for the frail older individual.
Frail older adults have interacting medical and social problems that occur in conjunction with mobility issues and polypharmacy, a situation that can give rise to complex medical needs. 16 Advanced age is associated with accumulation of multiple comorbidities, many of which are managed with medications; as a result, polypharmacy is exceedingly common in frail older adults. 17 As the number of medications increases, so does the risk of drug-drug interactions and adverse drug events. Individuals with many medications tend to self-report poor health, are more likely to have cognitive impairment, and have lower functional status. 18 Because polypharmacy is highly prevalent among older adults who are frail, pharmacists working with patients in this age group have an opportunity to take a leadership role in monitoring for adherence, efficacy, and toxic effects and in helping those who are frail to manage their medications effectively. 19 Randomized controlled trials have shown that the involvement of pharmacists in the care of older persons not only improves the appropriateness of medication regimens but also reduces drug-related morbidity. For example, in the Senior Care Study there was a 17% absolute risk reduction in the use of inappropriate medications when a pharmacist was incorporated into a multidisciplinary geriatric assessment team. 20 These data have been confirmed by subsequent studies showing similar improvements in medication appropriateness when drug use was evaluated by a clinical pharmacist. 21, 22 Furthermore, there was an absolute risk reduction in drug-related morbidity of 10% to 20%, as measured by hospital readmissions over a 3-month period, when clinical pharmacists provided collaborative care to older patients. [23] [24] [25] This finding translated into a number needed to treat of 5 to 10; that is, when a clinical pharmacist was fully integrated into the multidisciplinary team, 1 hospital readmission was avoided for every 5 to 10 older patients discharged.
A comprehensive geriatric assessment can be used to assess an older person's medical, psychosocial, functional, and cognitive resources and problems 26 and is an integral part of geriatric medicine. This assessment is an evidence-based process, based on information from the patient and collateral sources, that assesses a person's medical conditions and corresponding medications to ensure that each medication is used for an appropriate indication. It also assesses cognition, mood, mobility (including balance and falls), bowel and bladder function, nutritional status, sensory function (especially vision and hearing), overall function (basic and instrumental activities of daily living), and social circumstances. 27 Use of this assessment has significant effects in terms of improving mortality, living location, physical status, and cognitive status. 27 Such assessments are typically carried out by nurses, nurse practitioners, medical residents, and physicians. 28 This article describes a collaboration between a pharmacist and a team of rotating geriatricians in the performance of comprehensive geriatric assessments at a community hospital and the impact of such assessments on the appropriateness of pharmacotherapy used by the frail older patients seen through the collaborative service.
to a 100-bed community hospital serving a population of about 120 000 in its catchment area. At the time of the study, this community was home to a substantial number of older adults and senior citizens, who accounted for the majority of hospital admissions. Given the impact that clinical pharmacy services have been shown to have on the care of frail older adults (as summarized in the previous section), an innovation grant was secured to fund a clinical pharmacist for 5 days a week in a position fully dedicated to clinical practice focusing on frail older adults. The pharmacist assigned to this role (S.T.) had graduated from an accredited Bachelor of Science in Pharmacy program and had completed a general accredited residency in pharmacy practice, including a 1-month rotation in geriatric medicine. The grantfunded position was the pharmacist's first employment position after completing the undergraduate degree and residency. The residency training had prepared the pharmacist to work to the full scope of practice, incorporating cognitive, functional, and physical assessment into practice, along with the more traditional roles of medication assessment and management. The service offered by this person represented the first clinical pharmacy service made available at the study hospital; before this position was established, pharmacy services at the hospital had been limited to dispensing tasks and provision of general drug information.
At the same time as the innovation grant was being used to provide clinical pharmacy services for frail older adults, an existing geriatric medicine consult service was expanded to the community hospital. Through this expanded service, the health authority supplied a geriatrician to the hospital (multiple physicians for 2-month rotations), with the physician being on site 3 days per week.
Initially, the geriatric medicine consult service involved the geriatrician working mostly in isolation, and the clinical pharmacist accepted only specifically requested consults from the geriatrician, physicians, other pharmacists, and emergency department staff for assessment and management of actual and potential drug-related problems. Referrals to the clinical pharmacist were sent by secure fax, were given over the telephone, or were discussed in person with the requesting clinician; geriatric medicine referrals were sent by secure fax. Given space limitations at the hospital, the geriatrician and the clinical pharmacist shared office space, and the 2 services shared a secure fax machine for receipt of referrals.
The geriatrician initially had a geriatric assessor available 2.5 days a week to help with organizing consults, liaising with other allied health professionals, and collecting collateral information. This individual had been trained as an occupational therapist. Despite the support of the geriatric assessor, there was frequent need for discussion of complex patient cases and clinical sharing between the clinical pharmacist and the geriatrician. Over the first 5 months of the innovation grant and expanded geriatric consult service, a collaboration evolved between these 2 health care professionals. Patients referred to the geriatrician for consultation were first assessed by the clinical pharmacist, who carried out a comprehensive geriatric assessment, including a detailed medical history, with review of results from relevant diagnostic and laboratory tests and a medication history. A report from the inpatient physiotherapy department was used to assess the patient's mobility, and, when possible, the pharmacist walked with the patient to check for gait disturbance that could have a medical or drug-related cause. Orthostatic vital signs were obtained if considered appropriate on the basis of the patient's history. The pharmacist also performed a cognitive assessment, which included completion of the Mini-Mental Status Examination for all patients and the Montreal Cognitive Assessment, Frontal Assessment Battery, and Geriatric Depression Scale where appropriate. The pharmacist also collected a collateral history detailing social status, cognitive history, and functional status with regard to instrumental activities of daily living (finances, medication management, driving, cooking, cleaning) and basic activities of daily living (toileting, bathing, grooming, dressing, eating).
The clinical pharmacist then developed recommendations and reviewed the entire case with the geriatrician, sharing any recommendations. When the situation was thought to be urgent or when the referring physician made a specific request, the pharmacist wrote orders or requested laboratory or diagnostic imaging; however, as for any consulting service, verification by the attending physician was required. The geriatrician completed any further assessment required, performed a detailed physical examination, and then shared any follow-up information with the pharmacist. The pharmacist educated patients and their families about medications and any medical conditions that had been diagnosed by the geriatrician. Patients were seen at followup appointments as needed to ensure resolution of the condition or conditions that had led to the consult. Follow-up could be as often as daily or as infrequently as weekly until discharge from the service.
The team continued to evolve, and eventually the geriatric assessor left the position and was not replaced. The pharmacist was seen as a highly valuable team member and, when funding for the innovation position ended, funding was organized to keep the pharmacist on the team. Thus, the geriatric medicine team became a collaboration between the geriatrician and the clinical pharmacist.
To assess the innovative pharmacist position for quality assurance purposes, data were collected for each referral reviewed by the pharmacist, including demographic variables such as age and sex, source of the referral, admission date, and discharge details (whether the patient went home, went to a long-term care facility, or died in hospital). The demographic data were collected as each consult was received by the pharmacist. There was interest in determining whether there was any improvement in medication regimens for patients who were seen by the pharmacist.
Therefore, as part of the comprehensive geriatric assessment process, a detailed medication review was performed. The medications that a patient was taking at the time of first contact with the pharmacist were collected from the nursing medication administration record and were recorded as "initial medications". This list included both prescription medications and nonprescription products, such as vitamins, minerals, and natural health products. Interventions, if appropriate, were based on the recommendations of the clinical pharmacist or were determined in collaboration with the geriatrician. A patient's final medications were recorded at the last point of contact between the patient and the pharmacist before discharge from the service. A medication that could be used on an as-needed basis was included in the list of "final" medications only if the patient had received a dose while in hospital or if he or she had used the medication on an as-needed basis before the admission.
The mean numbers of medications at the initial assessment and final contact were calculated and compared to determine whether the pharmacist's interventions had significantly affected the number of medications used.
To quantify medication appropriateness, the medication appropriateness index (MAI) was used. The MAI is a scoring system to quantify drug appropriateness, in which higher scores correspond to greater inappropriateness of medication use, and which has been found to be a predictor of adverse drug reactions in older adults. 29 For each medication in the patient's regimen, a series of 10 questions are asked, covering indication, effectiveness, dosage, correctness and practicality of directions for use, drugdrug and drug-disease interactions, possible duplication of therapy, duration, and cost. Each question is scored from 1 to 3 (where 1 = appropriate, 2 = marginally appropriate, and 3 = not appropriate). The responses are weighted, and the resulting 10 values are summed to determine the MAI for each medication; the scores for all medications are then summed to generate a total MAI for the patient. Only those deemed inappropriate in some way get a score; appropriate statements receive no score under weighting. These calculations were performed as described previously. 30 The lowest possible score for the MAI is zero; higher scores indicate more inappropriate prescribing. At the study hospital, the MAI was calculated for each patient's initial and final medication lists by the clinical pharmacist, who was intimately aware of the patient's medical conditions and medication needs. The initial medication list was based on medications at the time of the patient's first contact with the pharmacist, not the medications at the time of admission to hospital. The discharge MAI was based on information available up to the point of discharge from the pharmacist's care; any subsequent diagnoses or changes in medication use were not considered. Discharge from the pharmacist's care occurred when the reason for referral to the geriatric medicine service had been adequately assessed, treated, and resolved or when the patient was discharged from hospital or died. The average initial and final MAIs were calculated for all patients seen. These average initial and final MAIs were compared with a t test to determine whether there was a statistically significant difference that might be attributable to the intervention of collaborative team. All calculations were completed in Microsoft Excel 2010 (Microsoft Corporation, Redmond, Washington).
EVALUATION
A total of 158 consults were reviewed by the pharmacist over the 7-month period of evaluation (August 2009 to March 2010). The average age of patients referred was 80.3 years. Although 95 (60.1%) of the patients were able to return home, 37 (23.4%) required placement in long-term care facilities, and 9 (5.7%) died in hospital. The remaining 17 (10.8%) of patients were still in hospital and being assessed periodically by the clinical pharmacist at the time of data analysis. In general, 6 new consults were completed by the pharmacist-geriatrician team each week, with follow-up appointments as necessary. The comprehensive geriatric assessment is an in-depth process, and each consult could take as long as 4 hours from initiation (with the pharmacist's review) to completion (once the formal report was written by the geriatrician).
In addition to the 17 patients who remained in hospital and under the pharmacist's care at the time of data analysis, data were unavailable for 5 patients who had been discharged but whose final medication list could not be accessed because of a delay in posting data to the electronic medical record. Therefore, data were available for analysis for 136 patients who were seen and discharged from the pharmacist's care over the 7-month period of evaluation. For these 136 patients, the mean number of medications declined from 10.3 to 9.8 ( Table 1 ). The change in the number of medications was statistically significant (p = 0.005) but may not have been clinically important. The overall MAI (sum of all weighted scores for each medication in a patient's medication regimen) declined from initiation to discharge, which represented a statistically significant improvement (p < 0.001) in medication appropriateness ( Table  1 ). The breakdown of inappropriateness ratings are presented in Table 2 . One limitation of the MAI is that it does not address omissions in therapy, which may be why medication appropriateness improved without a clinically important change in the number of medications. In particular, for many patients, new medications were initiated to treat previously untreated conditions.
The geriatrician group that collaborated with the pharmacist was confident in the pharmacist's work. It was possible to assign geriatricians to the rotation on a part-time basis, with the pharmacist providing continuity of care. The pharmacist worked to the full scope of practice, incorporating cognitive, functional, and physical assessment, along with medication assessment and management, in the care of frail older patients. This collaboration prevented repetition of assessments. It also allowed increased support for patients and their families, because the pharmacist was available regularly, even though the geriatrician was on site the equivalent of only 3 days per week.
IMPLICATIONS AND SIGNIFICANCE FOR PRACTICE
Collaboration between a clinical pharmacist with residency training in the care of elderly patients and a geriatrician at a Canadian community hospital led to an improvement in medication appropriateness that was both statistically significant and clinically meaningful. The innovative practice was based in a single centre and involved one clinical pharmacist working with a rotational supply of geriatricians. The collaboration reduced the amount of time that a geriatrician needed to be on site but did not compromise quality of care or continuity in the treatment plan.
For the purposes of quality assurance, the clinical pharmacist calculated the number of medications being taken at initial assessment and at discharge, as well as the MAI. The decrease in the number of medications was statistically significant (p = 0.005) but not clinically relevant. Medication appropriateness is an implicit measure that allows for consideration of patient-specific factors. All MAI values were calculated by one individual, the clinical pharmacist on the geriatric care team. The collaboration improved medication appropriateness as indicated by a decrease in the MAI (p < 0.001), but no comparator group was investigated. The MAI for older persons has been validated for both inter-rater and intra-rater validity. The overall inter-rater agreement for medication appropriateness had a kappa value of 0.83, and the intra-rater agreement had an overall kappa value of 0.92. 31 The inter-rater agreement for each of the individual MAI items was high for both appropriate and inappropriate ratings, ranging from 80% to 100% (overall kappa = 0.64). 31 Determination of baseline medication lists can be particularly challenging in geriatric medicine, although every effort was made to obtain the most accurate list possible for each patient seen by the clinical pharmacist in the program described here. In general, the medication administration record was used to identify baseline medications, so some of the most inappropriate medications would have been changed before the consultant pharmacist's assessment of the patient, and thus the admission medication list may have been even more inappropriate. As well, the clinical pharmacist was a consultant, and the attending physicians might not have implemented all recommended medication changes. The actual medications prescribed for each patient, not those recommended by the pharmacist and geriatrician, were used for the MAI calculations. All of these factors may have reduced the potential change in MAI.
The MAI criterion responsible for the most inappropriate ratings was related to drug-disease interactions (Table 2) , in particular the use of excessive psychoactive medication in patients with cognitive impairment or delirium. Use of drugs lacking effectiveness or lacking an indication was also common. These findings likely reflect use of medications that were no longer necessary as conditions changed and people aged. For example, it was common to find individuals with low blood pressure remaining on antihypertensive medications that had probably been started many years previously, when hypertension had been a concern.
The finding that collaboration between a pharmacist and a geriatrician improved medication appropriateness but did not reduce the absolute number of medications has been previously reported. 24 This result is of particular interest given the current focus on cost-saving initiatives. If the involvement of a pharmacist does not appreciably reduce the number of medications, administrators may wonder what benefits can be realized. The savings associated with removing 1 or 2 medications from a patient's medication regimen will result in some direct cost savings, but the real savings from pharmacist involvement in the care of frail older adults stems from the medication review, which can reduce hospital readmissions. Gillespie and others 24 observed a 16% reduction in all visits to hospital over a 1-year follow-up period for patients who had undergone a pharmacist drug review in hospital, relative to those who did not undergo such a review. Applying this cost avoidance to the patient population served at the community hospital where the innovative practice was implemented and extrapolating from the 7-month period of analysis to a full calendar year (12 months) yielded a conservative estimate that pharmacist involvement in would have avoided a cost of $250 000 per year.
The improvement in MAI was in keeping with a previous study that showed a 5-point reduction in MAI with intervention from a pharmacist. 32 No previous study has examined what a clinically meaningful reduction in the MAI would be, but previous work has shown that an increase in MAI is associated with worsening pain, an increase in emergency department visits, and an increase in hospital readmissions. 23 These results suggest that improvement in the MAI would provide some degree of patient benefit.
A Royal College certified internist-geriatrician was available at the community hospital for the equivalent of 3 days per week to provide inpatient geriatric consult services. Collaborative work between the pharmacist and the geriatrician was helpful, as the lengthy comprehensive geriatric assessment was used by both the pharmacist and the geriatrician. Sharing information allowed more patients to be reviewed by the geriatrician and eliminated redundancy in the system by reducing repetition of work. Cost savings can be achieved by having a clinical pharmacist, rather than a geriatrician, perform the majority of the assessment and monitoring.
Details of the collaborative assessment were shared with the inpatient team but were not routinely forwarded to the family physician or the patient's community pharmacy. These are potential avenues for future consideration to encourage informationsharing.
CONCLUSION
This program evaluation has shown that a residency-trained pharmacist is in an ideal position to take on a collaborative role in the care of frail elderly patients. More specifically, in a collaborative environment, with regular involvement of a geriatrician, a residency-trained pharmacist trained in the tenets of geriatric medicine can organize and manage care for frail older individuals. In this setting, medication management may not have a clinically significant impact on the number of medications used but can significantly affect the appropriateness of medications used and, by extension, will ultimately prevent readmission to hospital.
